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Micromegas  

• 	  IntroducGon	  to	  the	  New	  Small	  Wheel	  
• 	  Micromegas	  
• 	  VMM1	  

• 	  VMM1	  OperaGon	  
• 	  Precision	  tracking	  
• 	  Fast	  trigger	  

• 	  Test	  beam	  
• 	  Set	  up	  
• 	  Preliminary	  results	  
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New Small Wheel 

ATLAS	  Muon	  Spectrometer	  
• 	  New	  Small	  Wheel	  (NSW)	  
• 	  upgrade	  in	  phase	  1	  in	  2018	  
• 	  innermost	  muon	  detector	  
• 	  subject	  to	  the	  highest	  rates	  
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New Small Wheel 

• 	  New	  Small	  Wheel	  will	  
make	  use	  of	  the	  current	  SW	  
infrastructure	  
• 	  Thin	  Gap	  Chambers	  (TGC’s)	  
• 	  Micromegas	  
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NSW Motivation 

NSW	  MoGvaGon	  
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•	  Upgrade	  needed	  for	  high	  luminosity	  up	  to	  5-‐7x1034	  

•	  reduce	  fakes	  to	  avoid	  pre-‐scale	  of	  the	  L1	  trigger	  rate	  and	  loss	  of	  physics	  
• 	  high	  precision	  tracking	  poinGng	  to	  the	  IP	  in	  the	  NSW	  
• 	  excellent	  angular	  resoluGon	  of	  1	  mRad	  	  
• 	  track	  pT	  resoluGon	  



Motivation 
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Slide	  from	  Masaya	  Ishino	  



Motivation 

Slide	  from	  T.	  Kawamoto	  
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Motivation 
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Plot	  from	  T.	  Kawamoto:	  



Micromegas  

Micromegas	  (MM)	  Design	  
• 	  Printed	  on	  PCB	  
• 	  2	  amplificaGon	  regions	  
• 	  ResisGve	  strips	  to	  prevent	  sparking	  
For	  test	  beam:	  
• 	  Dric	  gap	  =	  5	  mm	  
• 	  strip	  pitch	  =	  400	  μm	  
• 	  gas	  Ar:CO2	  93:7	  
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Micromegas  

Micromegas	  Muon	  DetecGon:	  
• 	  muon	  leaves	  ionizaGon	  trail	  
• 	  charge	  drics	  to	  strips	  
• 	  dric	  velocity	  =	  47	  μm/ns	  
• 	  NSW	  will	  have	  tracks	  between	  8°	  and	  30°	  
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VMM1 

VMM1	  Readout	  
• 	  Flexible	  design	  can	  be	  used	  for	  MM	  and	  TGC	  

• 	  variable	  gain	  and	  peaking	  Gme	  configuraGons	  
• 	  reads	  out	  only	  signals	  over	  threshold	  and	  opGon	  to	  read	  neighbor	  channels	  

• 	  Measures	  signal	  peak	  amplitude	  (PDO)	  and	  Gme	  (TDO)	  
• 	  Fast	  channel	  address	  of	  first	  hit	  (ART)	  
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VMM1 

VMM1	  
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VMM1 Readout 
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To Ethernet switch 
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VMM1 ASIC 
VMM1	  ASIC	  
Technology:	  CMOS	  130nm	  1.2V	  from	  IBM	  (8RF)	  
Layout	  size,	  device	  count:	  :	  5.934	  x	  8.433	  =	  50.033	  mm²,	  500k	  MOSFETs,	  80k	  capacitors,	  
200k	  resistors	  
Power	  dissipa9on:	  1.2	  V	  x	  300	  mA	  =	  ~	  360	  mW	  (~5.5	  mW/channel)	  
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	  AcquisiGon:	  	  
events	  are	  detected	  and	  processed	  
(amplitude	  and	  Gming)	  

• 	  charge	  amplificaGon,	  filtering,	  
discriminaGon,	  peak-‐	  and	  Gme-‐
detecGon	  
• 	  address	  in	  real	  Gme	  (ART)	  of	  the	  
first	  event	  
• 	  direct	  Gming	  (over-‐threshold	  or	  to	  
peak)	  available	  for	  channels	  0-‐7	  
and	  56-‐63	  

Readout:	  	  
events	  are	  read	  out	  in	  sparse	  mode	  with	  
smart	  token	  passing	  (amplitude,	  Gming,	  
address)	  
ConfiguraGon:	  	  
global	  and	  channel	  registers	  are	  
accessible	  for	  configuraGon	  	  



VMM1 Signals 
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AcquisiGon:	  

Readout:	  



Fast Trigger 

Address	  in	  Real	  Time	  (ART)	  
• 	  200	  MHz	  clock:	  fast	  enough	  to	  use	  as	  a	  trigger	  
• 	  reads	  out	  channel	  ID,	  clock	  (Gme	  to	  within	  5	  ns),	  and	  trigger	  #	  
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Labview for VMM1 

Global	  
Configurables:	  
• 	  Gain	  
• 	  Peaking	  Time	  
• 	  Time	  Amplitude	  
Conversion	  (TAC)	  
• 	  Threshold	  
• 	  Neighbor	  Trigger	  
• 	  Sub-‐hysteresis	  
• 	  ToT/TtP	  enable	  
• 	  ART	  enable	  (fast	  
trigger)	  
• 	  Pulsar	  DAC	  
• 	  monitor	  

Channel	  
Configurables:	  
• 	  test	  pulse	  
enable	  
• 	  threshold	  trim	  
• 	  monitor	  
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VMM1 

Example	  of	  PDO	  readout	  in	  Labview:	  
• 	  with	  internal	  test	  pulse	  (1.2	  pF)	  
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Mean	  =	  188.3	  mV	  
rms	  =	  0.6	  mV	  
(640	  e)	  

Gain	  =	  9	  mV/fC	  
Peaking	  Gme	  50	  ns	  



VMM1 Gain 

Channel	  Gain	  
• 	  Linear	  response	  (mostly)	  
• 	  variaGon	  on	  peaking	  Gme	  
• 	  measured	  gain	  is	  below	  the	  
nominal	  gain	  
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VMM1 Noise 

Noise:	  
@	  50	  ns	  &	  gain	  9	  mV/fC	  :	  
0.435	  mV	  ÷	  6.1258	  mV/fC	  =	  0.710	  fC	  =	  443	  electrons	  	  	  
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VMM1 Baseline 

Baseline	  Channel	  to	  Channel	  VariaGon	  
Average	  Baseline	  =	  188	  mV	  (+7	  -‐5)	  
=>	  CalibraGon	  Needed!	  
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VMM1 Threshold 
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Trim	  ranges	  have	  no	  common	  value	  
=>	  Need	  larger	  threshold	  trim	  range	  (next	  version)	  



VMM1 Time Output 

Time	  Amplitude	  Conversion	  
• 	  slope	  converts	  TDO	  (mV)	  to	  
Gme	  
• 	  mostly	  gain	  independent	  
• 	  need	  to	  calibrate	  channel-‐by-‐
channel	  
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TAC Conversion Table 
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TAC Slope 
Gain 125 ns 250 ns 500 ns 1 µs 

0.5 0.22 0.34 0.64 1.22 
1 0.20 0.28 0.54 1.05 
3 0.20 0.28 0.54 1.05 
9 0.19 0.28 0.54 1.05 



VMM1 Time-walk 
Time-‐walk:	  jiuer	  in	  peak	  value	  measurement	  
• 	  Less	  the	  2.2	  ns	  difference	  
• 	  Gain	  =	  1	  mV/fC	  peaking	  Gme	  =	  25	  ns	  
• 	  1.2	  pF	  input	  capacitance	  (internal)	  
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H6 Test Beam 

Test	  Beam	  
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Beam%test%of%MicroMegas%detector%and%readout2

•  Test beam in July-Aug, will continue in Sept-Oct 
•  �TPC mode, first experience with new readout ASIC VMM1 
•  Test timing, trigger and rate capabilities 

7/31/2012 BNL Summary, H. Ma 11 
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17 

Test Beam Set Up 

Test	  Beam	  Set	  Up	  
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Test Beam Set Up 

VMM1	  in	  the	  test	  beam	  	  
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SPI	  Control	  

PDO/TDO	  

Fast	  Trigger	  

VMM1	  chip	  

Micromegas	  



Noise 

Check:	  Amplitude	  using	  a	  test	  pulse	  for	  a	  single	  channel	  while	  connected	  to	  Micromegas	  
Noise	  =	  0.8766	  mV	  =>	  2740	  electrons	  
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Events 

Individual	  Event:	  
• 	  alignment	  sGll	  needs	  to	  be	  done	  
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Track	  and	  trigger	  combined:	  
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Timing 
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VMM1 Threshold 

Sub-‐hysteresis:	  threshold	  range	  moves	  to	  catch	  rising	  and	  falling	  edges	  -‐>	  allows	  the	  
threshold	  to	  be	  set	  to	  lower	  effecGve	  values	  (possibly	  as	  low	  as	  a	  few	  mV)	  
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~20	  mV	  

Sub-‐Hysteresis	  Off	   Sub-‐Hysteresis	  On	  

Threshold	  	  
moves	  
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Beam	  Profiles	  

Sub-‐hysteresis	  ON	  
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Threshold	  Scans	  
• 	  Effect	  of	  Varying	  the	  Threshold	  and	  Sub-‐hysteresis	  Enable	  
• 	  Work	  in	  progress!!	  
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Good	  
noise	  

reduced	  
efficiency?	  



Beam%test%of%MicroMegas%detector%and%readout2

•  Test beam in July-Aug, will continue in Sept-Oct 
•  �TPC mode, first experience with new readout ASIC VMM1 
•  Test tracking, timing, trigger and rate capabilities 
•  Preliminary results have already shown designed resolution 
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Track Slope Resolution as a function of angle 

NSW Preliminary Design Review - V. Polychronakos 
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16 16 

Angular Resolution 

Angular	  ResoluGon	  
• 	  fit	  track	  angles	  by	  chamber	  
• 	  encouraging	  preliminary	  angular	  resoluGon	  
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Theo	  Alexopoulos,	  et.	  al.	  



Summary 

Very	  promising	  iniGal	  results!	  
• 	  low	  noise	  
• 	  start	  to	  understand	  the	  dynamic	  range	  of	  VMM1	  

• 	  gain/peaking	  Gme	  
• 	  threshold	  

• 	  verificaGon	  of	  trigger	  concept	  
• 	  un-‐calibrated	  angular	  resoluGon	  <	  2	  mRad	  
• 	  idenGfy	  criteria	  for	  next	  VMM	  design	  

• 	  increase	  threshold	  trim	  
• 	  mode	  to	  measure	  baseline	  
• 	  digiGzaGon	  on	  chip	  

Next	  Plans:	  
• 	  CalibraGons-‐-‐of	  thresholds,	  TAC	  slopes,	  gain	  (pdo	  and	  baseline)	  
• 	  Alignment	  
• 	  Timing	  resoluGon	  
• 	  Next	  test	  beam	  in	  late	  October	  
• 	  SEU	  tests	  
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Back Up 

Back	  Up	  
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NSW Design 
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Micromegas  

T.	  Kawamoto	  
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Angular Resolution 
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TGC Concept 
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TGC	  design	  



VMM1 
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Micromegas  
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Micromegas  
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Micromegas  
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